Characterization of a novel 3-hydroxybutyrate dehydrogenase from Ralstonia pickettii T1.
We previously reported that the activities of two 3-hydroxybutyrate dehydrogenases (BDH1 and BDH2) were greatly influenced by culture conditions when Ralstonia pickettii T1, a strain growing on extracellular poly-3-hydroxybutyrate (PHB), was grown on different carbon sources such as 3HB and succinate. In this study, knockout mutants of bdh1 or bdh2 were constructed and characterized under different culture conditions. In addition, a novel BDH (BDH3) was found in bdh2 mutants, and bdh3 was cloned. Apparent kinetic parameters for the substrates of BDH3 indicated that the enzyme is suitable for the oxidation reaction of 3-hydroxybutyrate (3HB) to acetoacetate. In Western blotting, it was clear that BDH3 is produced only in cells grown on 3HB or PHB as a carbon source, while BDH1 and BDH2 are produced in cells grown on various carbon sources such as sugars, amino acids, organic acids, 3HB, and PHB. Both the bdh1 and bdh2 mutants lagged behind the wild type in growth rates when the cells were cultured with 3HB, citrate, succinate, or nutrient broth. A test of sensitivity to diamide as an oxidative stress revealed that the lack of BDH1 or BDH2 caused a decline in the capacity to neutralize the stress. These results suggested that BDH1 and BDH2 are needed to regulate the cytoplasmic redox state as well as to utilize 3HB, while BDH3 is specialized to utilize 3HB. The expression of bdh3 may be coordinately regulated with a gene encoding putative 3HB permease.